In this paper, we address a new fast DCT-II/DFT/HWT hybrid transform architecture for digital video and fusion mobile handsets based on Jacket-like sparse matrix decomposition. This fast hybrid architecture is consist of source coding standard as MPEG-4, JPEG 2000 and digital filtering discrete Fourier transform, and has two operations: one is block-wise inverse Jacket matrix (BIJM) for DCT-II, and the other is element-wise inverse Jacket matrix (EIJM) for DFT/HWT. They have similar recursive computational fashion, which mean all of them can be decomposed to Kronecker products of an identity Hadamard matrix and a successively lower order sparse matrix. Based on this trait, we can develop a single chip of fast hybrid algorithm architecture for intelligent mobile handsets.
Video compression is essential to all of these applications.
The discrete cosine transform (DCT-II) is popular compression structures and it is usually accepted as the best suboptimal transformation that its performances is very close to that of the statistically optimal Karhunen-Loeve transform for MPEG 4 and H.264 standard [1] [2] . Discrete orthogonal transform has found applications in signal classification and representation [1] [2] [3] [4] [5] [6] [7] . The discrete signal processing of DFT (Discrete Fourier Transform) is a popular transformation for OFDM-4G (Orthogonal Frequency Division Multiplexing) and 4 Generation Mobile Communication [8] [9] .The OFDM is a key technology for next-gen- [7] [10] . To analyze these four different transforms, we now focus on the sparse unified matrix factorization for unified chip set based on Jacket matrix [11] [12] [13] [14] [15] [16] [17] [20] [21] [22] .
The analysis and deco신position of the sparse matrix demonstrated as a useful tool to develop the fast computations and character generalization. The DCT-II, DFT and
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http://doi.org/10.5909/JEB.2011. 16.5.782 HWT matrices can be decomposed to one orthogonal character matrix and a special sparse matrix. The inverse of the sparse matrix is from block -wise inverse or element -wise inverse (proved in appendix). Mathematically, let be a matrix,, then the matrix A is a Jacket matrix [15] [16] . Obviously the special sparse matrix belongs to Jacket matrix.
We focus on the unified architecture of the sparse matrix decomposition and propose hybrid architecture to combine the DCT-II, DFT and HWT together. This paper is organized as follows: in section II, we introduce the block-wise inverse sparse matrix decomposition for DCT-II matrix. In section III and section IV, we introduce the element-wise inverse sparse matrix decomposition for DFT and HWT matrices, respectively. In section V, the hybrid architecture of the three transforms and their relationships are expressed. The conclusion is given in section VI.
II. BLOCK-WISE Inverse sparse matrix Decomposition for DCT-II Transform
The DCT-II [ 
The basic matrix is 2×2 matrix, which is given as fol-
The N×N DCT-II matrix can be given as: 
where cos( / ), 1, 2 1, 0,1, , 2, 0,1, , 1
We can build a Jacket-like matrix to decompose the DCT-II matrix easily by multiplying some permutation matrices. Thus, we can define a row permutation matrix [10] as 
where is identity matrix, and is opposite identity matrix. 
The inverse form of (8) can be simply computed by
Then, we have the block-wise inverse Jacket sparse ma-
Furthermore, it was provided in [24] 
By taking Eq. (13) and into the right hand side of Eq.
According to Eq. (9) , the left hand side of Eq. (12) ma-
(15)
So we can obtain Eq. (14) and Eq. (15) 
■
Thus the permuted DCT-II matrix can be written by The DCT-II general recursive form is shown as follow
The Eq. (17) 
The Eq. (18) 
III. Element-wise Inverse Sparse Matrix Decomposition for DFT Transform
The DFT is a Fourier representation of a given sequence,  ,  ≤  ≤    and it is defined by [3] [4] .
where
Similar to the section П, we can write a permuted 4×4
DFT matrix by using 
Pr 
Generally, the N×N permuted DFT matrix has
Its inverse from can be obtained by using EIJM, which is attached in the appendix
Just like in 4×4 permuted DFT matrix, we can get the inverse of submatrix by Jacket matrix as below
The submatrix   can be written by
where and is the complex unit for 2N-point DFT matrix. Similar to (16), we can rewrite the permuted DFT matrix by using 
The Fig.2 shows the butterfly data flow graph of Eq. (29).
IV. Element-WISE Inverse Sparse Matrix Decomposition for HWT Transform
The discrete wavelet transform based on the Haar matrix (HWT) [7] , from N components of the signal to N wavelet 
For the 8-point HWT, the permuted 8×8 HWT is 
In general, we can write that°[
The Eq. (36) of general recursive form for HWT matrix can be rewritten as 
V. proposed Hybrid architecture
In this paper, we derive the recursive formulas for DCT-II /DFT and wavelet matrices. The results show that the DCT-II /DFT and wavelet matrices can be unified by using the same sparse matrix decomposition algorithm based on Jacket matrix, and recursive architecture within some characters changed.
Clearly, the butterfly data flow graphs corresponding to the Eq. (18), (29) and (37) To get the equation of (29) as same as that of (18) 
where ⊗ is Kronecker product and ⊕ is the diagonal sum
As illustrated in Fig.1, Fig.2, Fig.3 
Appendices
Inverse Jacket Matrix where   is the identity matrix, and
where T denotes the transpose of the matrix.
In other words, the inverse of a Jacket matrix is determined its element-wise. The definition above may also be expressed as:
The jacket matrix is a generalization of the Hadamard The lowest order BWJM of order 8 is defined [16] [17] [18] 
